In this paper we describe the operation and applications of a commercially available framing camera capable of four separate two -dimensional images with each frame having a 120 -ps gate width. The time separation between frames can be selected arbitrarily. Fast gating of a single frame is accomplished by using a wafer image intensifier tube in which the cathode is capacitively coupled to an external electrode placed outside of the input window of the tube. This electrode is then pulsed relative to the microchannel plate by a narrow (120 ps), high -voltage pulse. The transmission of the tube as a function of time has been verified using a laser -diode pulser and is approximately Gaussian with a FWHM of 120 ps. Multiple frames are obtained by using multiple gated tubes which can then share a single bias supply and pulser with relative gate times selected by the cable lengths between the tubes and the pulser. A beamsplitter system has been constructed which produces a separate image for each tube from a single scene. In the present system, the tubes use S -20 photocathodes with an 18 mm diameter and quartz input windows. Spatial resolution is unchanged between d.c. and fast gated operations and has been measured to 10 1p/mm. Applications to time -dependent behavior will be presented.
INTRODUCTION
In studies of sub -nanosecond phenomena, in particular those involving short -pulse laser, twodimensional, time -resolved pictures are extremely useful. In this article we describe a novel approach towards framing cameras which provides four frames with 120 ps -wide gate times. We will then discuss a specific application of this camera to illustrate its versatility. In Fig. 1 the gated optical imager is shown along with a high voltage unit which provides dc bias voltages to the camera, and a planar triode pulse generator which provides the gating pulse.
Principle of operation
The Grant Applied Physics, Inc. gated optical imager (GOI) is designed for four -frame operation during a single event. Each channel of the GOI uses a wafer image intensifier tube which has an S20 cathode with a quartz window. (The quartz window was chosen for our particular camera to allow for pictures to be taken in ultraviolet light. A single -frame GOI was previously used successfully with a fiber -optic face plate.) In fast pulse operation, the cathode is capacitively coupled to a conducting electrode which is pulsed relative to the microchannel plate (MCP) of the tube. To turn the tube off and maintain a narrow gate pulse, the cathode is reversed -biased relative to the MCP by approximately 100 V.
The high voltage driver is a planar triode pulse generator whose output is a 2.5 kV pulse with a risetime of less than 1.5 ns. This pulse is then shortened to approximately 100 ps by feeding it to a speed -up module which contains a reversed -biased diode which is biased to operate near its avalanche breakdown point. Since the avalanche breakdown process is known to occur rapidly (< 100 ps typical time scale), one can use well-characterized diodes to produce a very fast rising pulse. This pulse is then split and fed to opposite sides of the tube to optimize impedance matching and to symmetrize the propagation of the pulse across the photocathode. Note that the large voltage pulse is 
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INTRODUCTION
In studies of sub-nanosecond phenomena, in particular those involving short-pulse laser, twodimensional, time-resolved pictures are extremely useful. In this article we describe a novel approach towards framing cameras which provides four frames with 120 ps-wide gate times. We will then discuss a specific application of this camera to illustrate its versatility. In Fig. 1 the gated optical imager is shown along with a high voltage unit which provides dc bias voltages to the camera, and a planar triode pulse generator which provides the gating pulse.
Principle of operation
The Grant Applied Physics, Inc. gated optical imager (GOI) is designed for four-frame operation during a single event. Each channel of the GOI uses a wafer image intensifier tube which has an S20 cathode with a quartz window. (The quartz window was chosen for our particular camera to allow for pictures to be taken in ultraviolet light. A single-frame GOI was previously used successfully with a fiber-optic face plate.) In fast pulse operation, the cathode is capacitively coupled to a conducting electrode which is pulsed relative to the microchannel plate (MCP) of the tube. To turn the tube off and maintain a narrow gate pulse, the cathode is reversed-biased relative to the MCP by approximately 100V.
The high voltage driver is a planar triode pulse generator whose output is a 2.5 kV pulse with a risetime of less than 1.5 ns. This pulse is then shortened to approximately 100 ps by feeding it to a speed-up module which contains a reversed-biased diode which is biased to operate near its avalanche breakdown point. Since the avalanche breakdown process is known to occur rapidly (< 100 ps typical time scale), one can use well-characterized diodes to produce a very fast rising pulse. This pulse is then split and fed to opposite sides of the tube to optimize impedance matching and to symmetrize the propagation of the pulse across the photocathode. Note that the large voltage pulse is required since the capacitive coupling to the tube leaves only one tenth of the applied gate voltage on the cathode to MCP gap.
Multiple frame operation is achieved by using multiple gated intensifier tubes. This requires that the optical system provide a separate image for each GOI channel, but this is easily accomplished (see Sec. 2). The output pulse from the planar triode pulse generator is fed to a single speed -up module which is split between the four tubes. The relative timing between channels is determined by the relative lengths of the cables between each tube and the speed -up module. This arrangement is illustrated in Fig. 2 .
The width of the gate pulse has been verified optically using a Hamamatsu laser diode pulser (pulse width = 80 ps, wavelength = 840 nm) and using a photodiode to measure the light emitted at the phosphor (P20), as is seen in Fig. 3 . This is a plot of integrated light output versus relative delay between the gate and the laser and was obtained using a sampling -type setup. The gate pulse is approximately Gaussian with a FWHM of close to 120 ps. By uniformly illuminating the tube with the diode pulser, we have examined the spatial dependence of the gate time by moving the photodiode receiver across the phosphor; the variation is less than 20 ps.
Since only the cathode is gated in this system, the MCP provides the same gain as in dc operation. The MCP voltage can be varied incrementally in six steps (each step = 50 V) from 920 V (radiant gain = 103) to 670 V (radiant gain = 30). Further characteristics of the tube are as follows:
1) The tube has a P20 phosphor and is used in conjunction with a standard streak camera film holder.
2) The aperture of each tube is 18 mm.
3) The shutter ratio is > 106 which is indicated by the tube specifications and has been verified by comparing gated and ungated exposure times to obtain similar intensity levels with the MCP biased. The lower limit corresponds to defects in the MCP.
The spatial resolution of the gated tube has been investigated. A contrast transfer function (CTF) has been obtained (see Fig. 4 ) using a linear zone plate grid. The CTF is greater than 30% at 10 Ip /mm which corresponds to the smallest spacing on the target grid. Comparison between the CTF obtained in the fast gate mode and that obtained by gating the MCP (300 ps gate time) shows no significant difference. The resolution is limited by the intrinsic spatial resolution of the intensifier tube and is not degraded by the external electrodes.
GOI APPLICATIONS
The four frame GOI is presently a routine diagnostic used in conjunction with the Nova laser. Nova is a ten -beam laser; each beam is able to deliver focused 1.5 kJ of energy in the form of 0.35 pm wavelength light to solid targets of various materials. Pulse lengths range from 100 ps to 5 ns. One mission of this facility is to study plasmas under conditions similar to those expected in an inertial confinement fusion reactor. With the GOI one can study the spatial and temporal evolution of thermal emission around the target or look at light scattered by parametric processes driven in the laserproduced plasmas.
The image is provided to the GOI by a cassegrain telescope which has a magnification of 8.47 and has an input f-number of 10 (the telescope is 2 meters from the target); this means that the diffractionlimited object plane resolution at a wavelength of 450 nm is 9 }gym /Ip. In the image plane, the resolution is therefore larger than 76.2 }gym /Ip or 13 1p/mm. This is comparable to the image resolution of the tube.
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GO! APPLICATIONS
The four frame GOI is presently a routine diagnostic used in conjunction with the Nova laser. Nova is a ten-beam laser; each beam is able to deliver focused 1.5 kJ of energy in the form of 0.35 Jim wavelength light to solid targets of various materials. Pulse lengths range from 100 ps to 5 ns. One mission of this facility is to study plasmas under conditions similar to those expected in an inertial confinement fusion reactor. With the GOI one can study the spatial and temporal evolution of thermal emission around the target or look at light scattered by parametric processes driven in the laserproduced plasmas.
The image is provided to the GOI by a cassegrain telescope which has a magnification of 8.47 and has an input f-number of 10 (the telescope is 2 meters from the target); this means that the diffractionlimited object plane resolution at a wavelength of 450 nm is 9 jim/lp. In the image plane, the resolution is therefore larger than 76.2 jim/lp or 13 Ip/mm. This is comparable to the image resolution of the tube. Four images of the target of nearly equal intensity are provided by the system of beamsplitters and mirrors shown in Fig. 5 . Small differences in the relative channel intensities can be compensated by adjusting the MCP gain of each tube individually.
An example of the use of the GOI is illustrated in Fig. 6 . In this experiment, two beams of Nova were focused onto one side of a 63.7 -pm -thick planar aluminum slab. The focused energy produces a shock wave in the target which, when it reaches the opposite side, shows up as a bright flash. Shown in Fig. 6 are four frames taken during a single event; the frames are separated by 200 ps. The first frame shows emission due to a precursor signal, then the shock breakout has begun by the second *frame and continues in the remaining frames. Note that although the beams were intended to be overlapping, two distinct spots are observed instead of a single spot. Alignment errors in the target positioner were later determined to be the cause of this; note that this sort of information would be difficult to obtain using a streak camera alone without fortuitous alignment.
SUMMARY
We have demonstrated the usefulness of an optical framing camera which provides four twodimensional images per event with 120 -ps gate widths on each frame. Changing the interframe timing is a simple procedure. The camera has an adequate spatial resolution and cathode area for a wide range of imaging applications. The imager has proved to be a useful and reliable diagnostic on the Nova laser system. An example of the use of the GOI is illustrated in Fig. 6 . In this experiment, two beams of Nova were focused onto one side of a 63.7-jim-thick planar aluminum slab. The focused energy produces a shock wave in the target which, when it reaches the opposite side, shows up as a bright flash. Shown in Fig. 6 are four frames taken during a single event; the frames are separated by 200 ps. The first frame shows emission due to a precursor signal, then the shock breakout has begun by the second *frame and continues in the remaining frames. Note that although the beams were intended to be overlapping, two distinct spots are observed instead of a single spot. Alignment errors in the target positioner were later determined to be the cause of this; note that this sort of information would be difficult to obtain using a streak camera alone without fortuitous alignment.
We have demonstrated the usefulness of an optical framing camera which provides four twodimensional images per event with 120-ps gate widths on each frame. Changing the interframe timing is a simple procedure. The camera has an adequate spatial resolution and cathode area for a wide range of imaging applications. The imager has proved to be a useful and reliable diagnostic on the Nova laser system. 
